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Abstract 
 
This thesis investigates the variables that can influence the GDP of 
forestry sector in the Sudan during the period (1975-2000). 
The thesis depended on official secondary data in order to run 
regression analysis that establishes the existence of a positive relationship 
between the two sides of the identity. Accordingly, a separate regression 
relationship for GDP and each of the right hand side was tested.  
Similarly the total consumption was regressed against several of its 
individual consitituents, one at a time to establish any sort of relationship as 
was hypothesize as a priori assumption. In the same manner other 
independent variables were taken as dependent variables and regressed 
against its own independent variables. 
However, the regression analysis showed significant results of the two 
independent variables included in the models viz-total consumption of forest 
and export of forest products.  
Also, data were analyzed using growth rates procedure wood data 
indicated an increase for some commodities, ex an increase from 12,04 
million cubic meters to in 1962 to (23.68) million cubic meters in (1975) 
with annual growth rates of 6.4% for fire wood this product dropped for 
23.68 in (1980) to 18.00 million CU,m in (1985) affected by drought period 
with negative growth rate 3.9% during (1985-2000). 
The study concluded that reliable data about such processes in 
different parts of the country and to take them in consideration when 
estimating the GDP forestry in Sudan. 
  ﻤﻠﺨﺹ ﺍﻻﻁﺭﻭﺤﺔ
  
ﺘﻬﺩﻑ ﻫﺫﻩ ﺍﻻﻁﺭﻭﺤﺔ ﻟﺩﺭﺍﺴﺔ ﻭﺘﺤﻠﻴل ﺍﺜﺭ ﺍﻟﻤﺘﻐﻴﺭﺍﺕ ﻋﻠﻲ ﺍﻟﻨﺎﺘﺞ ﺍﻟﻤﺤﻠﻲ ﻟﻘﻁـﺎﻉ ﺍﻟﻐﺎﺒـﺎﺕ 
  (.ﻡ0002-5791) ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ﺨﻼل ﺍﻟﻔﺘﺭﺓ ﻤﻥ )PDG(
ﺍﻋﺘﻤﺩﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻋﻠﻲ ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﺜﺎﻨﻭﻴﺔ ﻻﺠﺭﺍﺀ ﺘﺤﻠﻴل ﺍﻻﻨﺤﺩﺍﺭ ﺍﻟﺨﻁﻲ ﻟﻤﻌﺭﻓـﺔ ﺁﻥ ﻜـﺎﻥ 
ﺨﺩﻤﺕ ﻋﻼﻗﺎﺕ ﺍﻨﺤﺩﺍﺭ ﺨﻁﻲ ﻤﻨﻔﺭﺩ ﻟﻠﻨﺎﺘﺞ ﺍﻟﻤﺤﻠﻲ ﻟﻘﻁﺎﻉ ﻜﻤﺎ ﺍﺴﺘ . ﻫﻨﺎﻟﻙ ﺍﺜﺭ ﻤﻌﻨﻭﻱ ﻟﻁﺭﻓﻲ ﺍﻟﻌﻼﻗﺔ 
  . ﻭﺍﻱ ﻤﻥ ﻁﺭﻓﻲ ﺍﻟﻌﻼﻗﺔ ﻓﻲ ﺍﻟﺠﺎﻨﺏ ﺍﻻﻴﻤﻥ ﺤﻴﺙ ﺘﻡ ﺍﺨﺘﺒﺎﺭﻫﺎ)PDG(ﺍﻟﻐﺎﺒﺎﺕ 
ﻜﺫﻟﻙ ﺍﺠﺭﻱ ﺘﺤﻠﻴل ﺍﻻﻨﺤﺩﺍﺭ ﻋﻠﻲ ﺍﻻﺴﺘﻬﻼﻙ ﺍﻟﻜﻠﻲ ﻟﻼﺨﺸﺎﺏ ﻭﺍﻟﻌﺩﻴﺩ ﻤﻥ ﺍﻟﻤﺘﻐﻴﺭﺍﺕ ﻜـل 
  .ﻼﻙ ﺍﻟﻜﻠﻲ ﻟﻼﺨﺸﺎﺏﻋﻠﻲ ﺤﺩﻩ ﻓﻲ ﺩﺭﺍﺴﺔ ﺁﻥ ﻜﺎﻨﺕ ﻫﻨﺎﻟﻙ ﻋﻼﻗﺔ ﻤﻌﻨﻭﻴﺔ ﺒﻴﻨﻬﻤﺎ ﻭﺒﻴﻥ ﺍﻻﺴﺘﻬ
 selbairaV )tnednepednI(ﻜﺫﻟﻙ ﺘﻡ ﺍﺠﺭﺍﺀ ﺘﺤﻠﻴل ﺍﻻﻨﺤﺩﺍﺭ ﻋﻠﻲ ﺍﻟﻤﺘﻐﻴـﺭﺍﺕ ﺍﻟﺘﺎﺒﻌـﺔ 
  . ﻤﻊ ﻤﺘﻐﻴﺭﺍﺕ ﺘﺎﺒﻌﺔ ﺃﺨﺭﻯ)selbairav tnedneped(ﻭﺍﻟﺘﻲ ﺍﺨﺫﺕ ﻜﻤﺘﻐﻴﺭﺍﺕ ﻤﺴﺘﻘﻠﺔ 
ﺍﻟـﺼﺎﺩﺭ ﻤـﻥ )ﺍﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺁﻥ ﻫﻨﺎﻟﻙ ﻋﻼﻗﺔ ﻤﻌﻨﻭﻴﺔ ﻋﺎﻟﻴﺔ ﻟﻁﺭﻓﻲ ﺍﻟﻤﺘﻐﻴﺭﺍﺕ ﺍﻟﺘﺎﺒﻌـﺔ 
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ﻡ ﻋﻠـﻲ 5891-0891-5791ﺍﺸﺎﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺁﻟﻲ ﻭﺠﻭﺩ ﻨﻘﺼﺎﻥ ﻓﻲ ﻜﻤﻴﺎﺕ ﻫﺫﺍ ﺍﻟﻤﻨﺘﺞ ﻓﻲ ﺍﻟﻌـﺎﻡ 
 ﻤﻜﻌﺏ ﻓـﻲ ﺍﻟﻌـﺎﻡ  ﻤﻠﻴﻭﻥ ﻤﺘﺭ 00.81 ﺁﻟﻲ 86.32ﻡ ﻗﺩﺭﻩ 5791ﺍﻟﺘﻭﺍﻟﻲ ﺒﻤﻌﺩل ﻨﻘﺼﺎﻥ ﻓﻲ ﺍﻟﻌﺎﻡ 
  %.9.3ﻡ ﺒﻤﻌﺩل ﻨﻤﻭ ﺴﻨﻭﻱ ﻤﺘﻨﺎﻗﺹ 5891
ﺃﻴﻀﺎ ﺍﺴﺘﻨﺘﺠﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺁﻥ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺤﻘﻴﻘﻴﺔ ﻟﻜل ﺍﻟﻌﻤﻠﻴﺎﺕ ﻭﻓﻲ ﺍﺠﺯﺍﺀ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺍﻟﻘﻁﺭ 
  .ﻴﺠﺏ ﻭﻀﻌﻬﺎ ﻓﻲ ﺍﻻﻋﺘﺒﺎﺭ ﻟﺘﻘﺩﻴﺭ ﺍﻟﻨﺎﺘﺞ ﺍﻟﻤﺤﻠﻲ ﻟﻠﻐﺎﺒﺎﺕ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ
Chapter One 
Introduction 
 
1.1 Introduction 
Forests of Sudan face a dilemma .Large areas under natural woodland 
spread over the country from tropical forests of the South to the Acacia trees 
and shrubs of the North have been retreating in face of expanding of crop 
production areas, heavy wood felling for firewood and overgrazing of 
livestock and by act of civil war. The most recent data available indicated 
that forests lands extend over 200 million feddans, accounting to about 33% 
of total land area of Sudan (Bayomi, 1983, WB, 1986, Awouda 1992, FNC, 
2000). 
Forests of Sudan had been subjected to plundering during the last four 
or more decades. Still forests are assumed to provide about 30% of animal 
food to about 20 million heads of livestock, and about 80% of energy 
supply, employment for more than 170 thousand persons in Sudan. Though a 
real estimate is not found, the above process is a clear indicator of the mis 
management and poor planning of forest resources in Sudan (Badi , 1999). 
During the last 4 decades large areas of forests were lost to crop lands 
as a result of the continued horizontal expansion of both the traditional and 
mechanized farms under rain fed condition. The present land under the 
mechanized arid traditional rain fed farming system is estimated at about 31 
million feddans. The crops shifting cultivation had been replaced by short to 
almost nil shifting between fallow and crop rotation due to pressing needs 
for food support increasing population and expanded crop land led to heavy 
felling for firewood for household consumption and for income generation 
FNC (2000). 
The long civil war in the South added another dimension to the forest 
dilemma of Sudan. The large potential of tropical wood, which can provide a 
promising commercial source for trade, is either lost or had not been utilized 
for over five decades. The efforts of the government to retrieve these forest 
resources and to sustain them had been in vain. The reforestation 
programmes under crop schemes, controlled government forest programmes, 
commonly showed slow implementation. Throughout the 1970-1990 the 
government reforestation program was not effective (Awouda, 1990 and 
FNC, 1999). Therefore , the government planning to increase forest areas by 
growing forest trees 10% in total rainfed areas and 5% of total irrigated 
schemes. 
There was no sound economic valuation of forest contribution in 
Sudan has been absent. The contribution of forest GDP has been estimated 
as a certain percentage of agriculture GDP without (actual) back up surveys 
or economic assessment. The ministry of finance and national economy 
estimates GDP of forestry, as a percentage of the GDP of agricultural sector 
and this is why the GDP of forestry in Sudan is under estimated. Differently, 
the central baeru of statistics estimate GDP by annual growth rates 
methodology (table 1-1). 
Hence, forest GDP was estimated as 3.2% on a verge (ministry of 
finance and national economy, 2004) .No comparative studies between the 
respective contribution of crops vs .lost forests were done .The high cost of 
forest rehabilitation had not been calculated as a cost to crop production 
economy. 
Total annual forest contribution to the economy needs to be 
reconsidered to rectify the ignored role of forestry in Sudan. 
Table (1-1) the estimate of forestry GDP in Sudan by ministry of finance 
and central baeuru of statistics: 
Year  MFNE 
forestry 
GDP Ls 
millions 
Agric 
GDP Ls 
millions 
% C.B.S 
forest 
and 
others 
Ls 
millions 
Agrc GDP 
Ls 
millions 
% 
1989-
1990 
9412.4 18123.2 51.93 9412.5 10084.4 93.33 
1991-
1992 
21313.0 96105.0 22.17 21313.0 40181.3 53.04 
1992-
1993 
27078.0 159042.0 17.02 270778.0 86009.0 31.48 
1993-
1994 
38299.0 373320.0 10.25 38299.0 175356.3 21.84 
1997-
1998 
62983.0 3622273.0 1.73 62983.0 1.592.308 39.53 
1998-
1999 
66852.0 4533671.0 1.47 66852.0 19.916.126 33.56 
1999-
2000 
71892.0 5223462.0 1.37 17892.0 29.694.524 24.21 
Source: ministry of finance and national economy 2003. 
Note that forests of Sudan provide firewood, building materials, 
browsing for livestock and production of gum arabic from hashab tree 
(acacia senegal) for export gum arabic along generate about 7.8 percent of 
the total annual export returns (FNC 1997). 
The reconsideration of the role of forests in Sudan becomes 
imperative if we know that the uses of forest products wee concentrated on 
two main aspects namely for energy (firewood and charcoal) and for 
construction (round poles for building and for the railway sleepers. 
As to the consumption of forest wood for energy, available data 
indicated continued growth during the last four decades of 1960-2000 (table 
1.2). 
Firewood consumption increased from about 12.05 million cubic 
meters in 1960 to about 12.3 million cubic meters 1980, and dropped down 
to about 18.0 million cubic meters 1985. On the other hand the consumption 
of charcoal inceased from about 8.36 million cubic meters to about 40.4 
million cubic meters during same 1960-1980 years. It dropped down to 27 
million cubic meters in 1985. 
The drop of firewood and charcoal during 1980-1985 could be related 
to the severe drought during that period .In 1994, the consumption of 
firewood jumped up to 69.84 million cubic meters, inspite of the 
introduction gas burners on large scale in urban centers of the country. 
Table (1-2) consumption of fuel wood, in the Sudan for the years 1962, 
1980, 1985, 1996: 
Year Fuel wood 
consumption standing 
volume (million cu.m) 
 
 Firewood Charcoal 
1962 12.05 8.36 
1976 23.68 11.24 
1980 23.49 44.08 
1985 18.00 27.00 
1994 69.84 33.06 
Source: FNC 1996. 
Furthermore, the consumption of round poles has increased from 
about 1.09 million cubic meters in 1962 to about 2.6 million cubic meters, in 
2000 , which indicated a valuable contribution of one type of forest products 
to the economy of the country still the question could be raised if such 
contributions have been included in the estimate of forest share in the GDP 
of the country or not. 
Table (1-3) consumption of round poles – Sudan: 
Year 1962 1974 1982 2000 
Cubic meters 1.088.400 1.500.000 1.700.000 2.600.000 
Source FNC 1994. 
As it has been stated, data about consumption of forest products are 
not exact different sources quote different quantities of sawn timber (table 1-
4). 
However, it may be safe to indicate that consumption of timber wood 
has increased substantially from about 133 thousand tons in 1962 to over 
600 thousand tons by 2000. This implies the continued felling of forest 
timber during this period, which also raises the question of whether 
replanting of timber is sustained or not. Problems of data availability pups 
up again indicating the importance of having such type of information for 
future forest development in the Sudan. 
Table (1-4) consumption of sawn timber, Sudan as estimated by various 
sources for the period 1962-2000 (cubic meters): 
 1962 1971 1974 1981 1983 1985 2000 
Siani 
64 
133.00
0 
212.70
8 
- 288.00
0 
- - - 
UNDP 
FAO 78 
- - - 93.000 - - 435.00
0 
Alamin 
78 
- - 100.00
0 
140.00
0 
- 200.00
0 
- 
Awoud
a 85 
- - - 311.00
0 
- 375.00
0 
510.00
0 
World 
bank 86 
- - - - 130.00
0 
- 626.28
0 
Source: world bank (1996). 
The expansion of gum arabic becomes another focus of conflict 
between herders and gum arabic farmers. The later often accuse the former 
of spoiling their hashab forests. This is very complicated if we know that 
gum arabic collection has two seasons. One after the rainy season through 
winter up to early summer and the other is right from summer into early 
showers when crop farming begins. The diversity of forest cover and 
distribution as has been studied by several national and foreign researchers 
since end of 1940s up to now indicates one simple point, that the Sudan 
fertile bio-mass genotypes that have value was not estimated by official 
sources, and was not taken as part of the forest sector contribution to the 
GDP. These resources could be risked , since they do not receive 
conservation and protection. 
The government in an effort to conserve these resources designated 
three millions feddans as protected forest reserve estates. This is to curb the 
expansion of the demarcated land large scale mechanized farms which 
deprived pastoralists off their traditional grazing grounds, and then forced to 
migrate elsewhere looking for forage and browse, including forest reserves. 
Furthermore, the government declared that mechanized farms should grow 
forest trees in 10% of total area rain fed land and in 5% total of irrigated 
schemes. This is expected to integrate agriculture with pastures and 
forestland. All these efforts were hardly observed by both the public and the 
private sectors of the Sudan. 
1.2 Problem statement: 
An important constraint to forestry sector planning in the Sudan is the 
absence of reliable information on consumption and supply of forest 
products. Since the comprehensive study by Siani (1964), most studies were 
focused on a limited number of products in selected states or provinces. 
Fenton (1990) compared the different estimates on firewood percapita 
consumption from these studies, which varied from 0.96m to 2.04m (hunter 
1989). These figures have been widely used to project the overall fuel wood 
demand and even to draw conclusions on the severity of the deforestation 
from such demand. While some information on other forest products, 
especially light construction poles, sawn timber paper and paper products, 
panel products, non-wood forest products etc. were very scany .Reported 
national annual consumption of light construction poles varied from 0.5 
million m3 (Jackson 1960) to 2.14 million m3 (FNC, 1989) has given an 
estimate of about 1.2 million m3 of light poles including logs. Sawn timber 
consumption was estimated at 0.076 million m3 by Jackson (1960) to 0.153 
million m3 by Siani (1964) as 0.137 m3. Based on hunters estimates, fenton 
(1990) reworked the per capita firewood and sawn wood consumption as 
0.97 m3 and 0.07 m3 (standing volume) respectively. Thus for the 
population of 17.6 million in Northern Sudan, in 1990 the total consumption 
was estimated to be around 18.35 million cu.m .A study by the national 
energy corporation estimated the per capita consumption of firewood to 
range between 0.053 to 0.413 tons and for charcoal and in the centre state to 
range between 0.077 to 0.141 tones. 
Demand for wood and wood products especially for construction and 
other uses like energy, is expected to increase in view of the high growth 
rate of population and the rapid urbanization. This will also alter the type of 
domestic fuel demand, which will affect the total wood demand as well as 
the type of wood consumed and the sources from where it is obtained. There 
are indications of increased use of charcoal in some of the rural areas on 
account of the declining supply of wood. All these have important 
implications on management of demand and supply of biomass energy of the 
country, which justifies the need for reconsideration of economic value and 
contribution of forests to the GDP of Sudan. 
1.3 Objectives of the study: 
The main objective of the study is to delineate the most influential 
componenets that make up the prevailing supply and demand constituents of 
forest products. Based on these identification, an estimate of the expected 
GDP for forestry would be used to calculate the GDP for forests in Sudan. 
Therefore the specific objectives of the study are: 
1.To specify the most important components of forest products that may 
have significant contribution to the GDP of forest of Sudan. 
2.To specify the most important variables that have recognized effect on the 
identified variables found by objective number 1 above. 
3.Based on the specified variable , the value of these items are to be 
calculated to arrive at the expected GDP of forestry of Sudan. 
4.To compare between the already recorded GDP and that calculated by this 
study to pin point the presence of any discrepancy between what should be 
and what was used when calculating the GDP of forestry in Sudan, and how 
to improve the methodology for the future. 
Chapter Two 
Literature review 
 
2.1 Natural vegetation tree cover: 
The Sudan was once the home of great forests that covered most of 
the vegetative and desertified areas. (Elhouri 1987). The tables below shows 
the characteristics and uses of different species in the different forest regions 
of Sudan.  
Table (2.1) characteristics of desert forests in Sudan: 
Region  Species  Latitude Uses 
Desert Acacianilotica 
Acacia tortilis 
Balanites 
aegyptiaca 
Acacia seyal 
Zizphus spina 
christii 
14-16N The uses of the 
species 
concentrated 
on fire wood 
and poles 
railway 
sleepers 
Source: Elamin (1996). 
Table (2.2) characteristics of wood land savanna on clay forests in Sudan: 
Region Species Latitude Uses 
Wood land 
savanna south of 
semi desert on 
clay 
Acacia mellifera 
commiphora 
africana balanites 
aegyptiaca acacia 
seyal angiosus 
leocarpus  
10-14N Used for charcoal 
production 
furniture boats 
 

Table (2.3) characteristics of wood land savanna on sand forests in 
Sudan: 
Region Species Latitude Uses 
Wood land 
savanna south of 
semi desert on 
sand 
Acacia senegal 
acacia radiana 
dallbergia 
melanoxylon 
combretum 
cordofanum 
terminalia 
laxiflora 
10-14N Gum production 
high grade timber 
for high furniture 
Table (2.4) characteristics of high rainfall forests in Sudan: 
Region Species Latitude Uses 
High rainfall 
wood land 
Khaya 
senegalensis 
combretum 
hartmannianum 
parkia africana 
isoberlina doka 
angiossus 
leucarpus albizia 
zygia annona 
chroysophylla 
khaya 
grandifoliola 
10-14N Houses 
construction 
furniture boats 
A number of published studies have shown the diversification of 
vegetation cover in Sudan, including: crowfoot, (1928), broun and massy, 
(1929) andrews, (1947, 1948, 1949, 1950,1953 and 1956) and smith (1949) 
.Harrison and jackson, (1958) sahni (1968) obeid, and mahmoud, (1968) ahti 
and peterson (1973) hassan, (1974) wickens (1976) noorwijk, alawad 
(1981), (1984). Thirakul, (1984) also there are unpublished studies which 
included elgazali, (1985) kordofani (1985) ahmed (1985) maydell (1986) 
gumaa, (1988) hamza (1990) bebawi and neugebohrn (1991). Abdelnur 
(1994) explained that the ex studies of trees and shrubs plantation in Sudan 
proved that there were 775 of trees and shrubs species 533 and 184 were 
local trees species and 25-33 were exotic trees and shrubs. Other species 
which faced detrioration and scarcity in its distribution were 241 local trees 
and shrubs and 24 exotic trees and shrubs. Nimir (1995) stated that there 
were 3.132 species of flowered plants 409 local species (1995) ibrahim 
(1996) ibrahim (1996) studied 163 species in gash delta in kassala state 
belonged to 112 species and 41 plant families. He observed some variation 
in seven families and 29 species and the appearance of three modern species 
not found in Sudanese plants studies. These species were acanthospermum 
hispidium, senna obtusifolia and trianthma portulacastrum. Elsaddig (1997) 
kamil (1999) studied the diversification of trees in goz dango forest which 
was found in western part of ibra valley in bahr elarab, which is the main 
part of bagarra catena. He reorganized 36 trees and shrubs species used by 
local people as medicinal and nutritional plants for both humans and 
animals.  
Elsafori (2000) studied 138 of plant and tree species in Sudan in fao 
area in eastern Sudan and he reorganized only family (Hernandiaceae) which 
was not mentioned in Sudanse plant references before, the species of this 
family were: 
Gynocarpus jacquanii low, trianthema portulcastrum L, setria 
acromeleana (hochst). 
Accordingly specific forest species will be discussed below: 
2.2 Forest plantations: 
Forest plantations include sunt (acacia nilotica) hashab (acacia 
senegal), talh (acacia seyal) and kitr (acacia mellifera). 
The objectives of plantation forestry is the production of wood and 
other forest products within economic limits of the main centers of such 
produce. Plantations are sometimes established for production of other 
reasons. These are often in the form of wind breaks, preventive shelter belts 
against fire, and for sand dune stabilization. 
In the absence of natural forests or in view of their limitations 
plantations of trees are often the only solution to meet the needs of man for 
forest products. Among the most evident limitations of natural forests are 
remoteness and difficulties of access from population centers low 
productivity per unit area, poor quality of timber lack of uniform product 
and slow rate of growth of species these features of the natural forests or 
their absence are the reasons for creation of forest plantations: 
To meet the domestic needs of fire wood charcoal and building poles. 
Sustined supply of general utility timber for such purposed as railway 
sleepers, house construction and rough furniture for rural areas.  
High grade timber for quality furniture, urban houses  
Development of foreign exchanges earning of sources e.g. gum arabic. 
There are four main forest (tree species) grown under forest plantation 
system: 
Sunt (acacia nilotica) plantation: 
Forestry development plans in the Sudan put great emphasis on the 
establishment of plantations of indigenous and exotic species inside the 
forest reserves. Various species within the savannah region have been 
identified wherever they regenerate successfully, and their timber uses 
identified. Of these tree species, sunt (acacia nilotica L1) has been found to 
be the most valuable timber producing species. An ability to regenerate 
successfully on flooded sites along the Nile and its tributaries coupled with 
timber properties satisfy most of the utilization standards make the species 
one of the most important in the economy of Sudan. 
The initial small scale reforestation programmes of sunt forests 
resulted in the first even aged plantation in the Sudan but large scale 
conversion of the natural crop into plantations only started in 1938. Since 
then the annual area planted with the species has been progressively 
increasing and now become established at 200-300 feddan in various 
utilization practices including railway sleepers, heavy construction boat 
building and fuel .Its properties are very attractive to such uses that require 
hard and strong mechanical properties (Dafa Ella 1998). The contribution of 
this species to the total sawn timber production in the North Sudan is 
estimated to be of 40-50 % (Alhuri 1989). Its contribution to the production 
of round timber may be considered as second to Eucalyptus. The latter 
continues to be the major source of round timber in the Sudan with an 
increasing area in the irrigated plantation. Sunt also added a substantial 
volume to the production of firewood estimated at about to be 10-15% of the 
total production. Of the various acacia species growing in the savanna region 
sunt is found to be the only species well adapted to flooded basins of the 
Blue Nile. It requires greater soil moisture supplies than is provided by the 
local rainfall, a characteristic that makes regular flooding a favorable 
condition for regeneration , growth and development of “Mayas” and the 
lower slopes of the “Gerf” and “Karab” of the flood basins which are 
seasonably flooded, sunt forms pure stands and no other species is ever 
found to compete with it. 
Sunt is indigenous to the Blue Nile region and regenerates naturally 
and more successfully in the flood basing than any other species so that there 
is no question of species choice for these ecological characteristics of sunt 
has been the main species planted in the reforestation system of these sites. 
In the gezira, their growth has been reasonably good, and the trees withstand 
the dry period from April to July when no irrigation water is available. 
On the white Nile South of Jebel Aulia much of the natural sunt has 
been grown by flooding. Attempt have been made to establish it on higher 
contours, not previously flooded .A serious problem in this area is very 
heavy grass competition, such as vassin cuspidate and echinochola stagnina, 
both known as “berdi”. Thus establishment of sunt in this area is still on an 
experimental scale goda (1999). 
Sunt yield: 
One feddan of sunt would yield about 127 cu.m of sawn wood in 
addition to 100 stacked cu.m of fire wood .A 40 to 50 years sunt tree in one 
feddan would yield up to 23-26 cu.m and of round wood timber excluding 
firewood if properly tended and artificially regenerated.  
Hashab plantations: 
Acacia seyal (hashab) is found in two main areas. The first one is on 
stabilized sand, where it is found under rainfall of 280 mm and above but 
mostly concentrated in the area that lies between 280 and 450 mm rainfall. 
The second one is on the dark cracking clays, where it is grown under 500 
mm of rainfall and above. Hashab plantation is about 610148 feddans 
occupying the largest during the period (1948-2000) .This area included both 
sand and cracking clay soils. 
On sands it occurs almost pure over extensive areas, but even its 
distribution is strongly affected by human interference. Cultivation appears 
to favour the re-establishment of hashab rather than other species, because of 
its great coppicing power, but fires will destroy it and favour the spread of 
other species. 
In southern Darfur hashab is only scattered on the most soft sand 
areas, and not found in areas under crop cultivation, it also opposite to the 
situation in South Darfur , hashab plantations occurs in mixtures with other 
species such as that which found in parts of the baggara catena. 
On the dark cracking clays of the central and eastern Sudan it is never 
as pure as on the sands. 
In water requirements it appears to be intermdiate between acacia 
mellifera (kitr) and acacia seyal (talh), and is usually found mixed with one 
of these species, generally the later. Hashab produces good firewood and 
charcoal, only trees over 15 years old, which are no longer producing much 
gum, should be used for this purpose, however, 
Hashab yield: 
Average yield of gum arabic is probably about 250 grammes per tree 
per annum. A good garden in a good season may yield and average of 500-
600 grammes per tree. Such yields are however quite exceptional. 
Acacia seyal (Talh): 
Talh is predominantly a tree of cracking clay soils found in large 
almost pure stands under rainfall of 500 to 1000 mm and under lower 
rainfall on water receiving sites such as depressions. Talh is also found in 
medium flooded plains of upper niles confined to small elevation (high 
lands) and is also occasionally found on more sandy soils derived from the 
Nubin sandstones, under rainfall of 200mm ND bode.  Here it is confined to 
depressions. Talh also occurs in Northern Sudan on the borther of the flood 
plins of the rivers, and in basin usually of the upper edge where acacia 
nilotica is found. 
Talh (Acacia seyal ) yield: 
One feddan of well stocked acacia seyal produced 12.5 stcked cu.m of 
fire wood, which was burnt to produce 26 kantars (approximately 1170kg) 
of charcoal. 
Kitr (acacia mellifera) plantations: 
Kitr is planted in Sudan in area of 37223 feddan , which is the least 
planted area among the planted species. It is best suited to cracking clay 
soils, under rainfall, its development involves. 
1. 250mm it grows only on drainage lines  
2. 400-500 mm gives large almost pure stands 
3. above 500mm acacia mellifera occur  
This species can also grow successful on sand clay rocky soils under 
rainfall ranging between 200-600mm (Badi et al, 1999). 
Kitr yield: 
Estimated rotation for firewood production ranges between 30-40 
years with 20 stcked cu.m per feddan . Kitr is the best quality for firewood, 
as it was characterized by a multistem tree. 
2.2.3 Special areas: 
These areas classified under low rainfall wood land savanna these areas 
are: 
1.Toposa area (acacia mellifera) 
2.Hill catenas (ficus populifolia, ficus ghmosa, lonocarpus laxifolius, acacia 
seyal, angiossus – combretum). 
3.Baggara catena (tamarindus indica, acacia seyal , acacia mellifera acacia 
seiberana, acacia polyacantha, ficus sp, celtis integrifolia). 
4.Ragaba catena (typically acacia seyal balanites savannah). 
2.2.4 Special forest types: 
These forest types lie within the low rainfall savanna or even the semi 
desert and the desert .These forests are by far the most important of special 
forest formation and an important type of productive forest in the Sudan. 
1.Sunt (Acacia nilotica forests) (Zizphus spini christi, acacia albida, mimosa 
nilotica, crativa adansonii). 
2.Dom (Hyphene thebaica forests) (acacia seiberana, tamrix nilotiea). 
3.Doleib (Borassus aethiopum) 
4.Tamarix nilotica or tamarix aphylla 
5.Oxytenanthera abyssinica 
6.Mangrove forests 
2.2.5 Acacia seyal – Balanites woodland: 
This type occurs when the rainfall increases from 500 mm per annum 
to less than 700 mm per annum. It occurs in an approximate area of 119.000 
square kilometers immediately south of A. mellifera thorn land. It streches in 
kassala between gadaref and doka to Blue Nile state, between suki and 
mazmum into upper Nile till the banks of the Sobat into kordofan a cross 
gelhak to delling. An isolated pocket occurs in Equatoria between mongalla 
and nagishot. 
2.2.6 Mexican cyprus, cupressus iusitanica mill: 
arabic name (Sarow): 
The trees found in the Sudan are variable and probably include several 
sub-species and varieties, with hybrids (due to naturl cross fertilization) 
between them some of these have been referred elsewhere in Africa to 
C.benthamii and C.lindleyi, but it is impossible to separate these with 
certainty in the Sudan. 
This species was introduced to Sudan between 1930-1940 it grows 
well in the imatong hills, at gilo at an altitude of about 2.000m under rainfall 
of 2.000mm on average with three to four months dry season. 
The first plantations were made in 1940 in Gumbiri hill (altitude 
1.200m, rainfall about 1.300mm), where growth had been slower, though 
survival has been fairly good. There are a few trees dating to about 1932 in 
the plains of yei and kajelu, but the growth was very slow, and plantations 
were not successful. Plantations at beldong and jebbed marra started in 
(1958) and showed considerable promise. It has been grown successfully as 
christmas trees in sennar, under irrigation. In east Africa the tendency was to 
replace cupressus plantations by those of exotic pines (FNC, 1994) and this 
likely to happen in Sudan (FNC, 1994). 
However, cupressus is likely to be an important source of coniferous 
timber in the Sudan for many years, because of the desirability of the 
planting program. 
2.2.7 Eucalyptus sp. Myrtaceae: 
Arabic name (kafur , ban): 
These trees belong to the genus eucalyptus which has several species 
that can be drown under different clmatic and ecological conditions. 
Eucalyptus is widely grown almost all over the world, with China 
being the major producer and exporter. The tree has wide economic value as 
it can be used in pharmaceuticals, construction, telephone poles: FAO 
(1993) estimated that about 2.5 million tons of eucalyptus trees had been 
used for medical purposes. Eucalyptus was introduced into the Sudan 
(Shambat) as an exotic tree from Australia in 1917, and the tree was grown 
extensively in the Gazira scheme in 1937., To day thee are almost about 700 
species of the eucalyptus trees in the Sudan whose products are used for 
railways sleeper, telecommunication poles and round poles in the Gazira 
scheme area (Badi 1999). 
Table (2.6) world production and export from eucalyptus oil (1994) by 
tons: 
Country Production Export 
China 1600-2000 1300-1500 
India 150-200 85 
Purtogal 150-200 150 
South Africa 150-180 120 
Australia 150-170 100 
Swaziland 80-100 80 
Chili 100-80 70 
Spain 50-100 50 
Source FAO (1995). 
2.2.8 Importance of gum Arabic belt: 
Gum Arabic generates about 7.8 percent of the annual total of the 
export returns. 
Hashab belt in the past extended as far as latitude 15N. Because of the 
environmental decay that took place in last 50 years or so. Hashab belt has 
receded as far as latitude 13N, which constitutes the northern boundary 
today. The southern boundary of the Hashab belt extends deep into the 
savanna zone, as far as 10 parallel. 
The expansion of the belt became another focus of conflict between 
herders and Gum Arabic farmers. The later often accuse the former of 
spoiling their Hashab forests. This is very complicated if we know that Gum 
Arabic collection has two seasons. One after the rainy season through winter 
up to early summer and the other is right in summer through into early 
showers – when crop farming begins. 
Importance of the hashab Gum Arabic belt: 
Acacia senegal (hashab) is the most important multipurpose tree 
species in Sudan. It stabilizes shifting sand dunes provides fodder for 
animal, fertilizes the soil and produces firewood and building poles. Most 
importantly, it produces Gum Arabic. It is drought resistnt species that 
thrives less than 200mm annual rainfall, with mean annual temperature 
between 14c 43 c .The tree thrives best on coarse textured soil. It occurs in 
Savanna belt of Africa and extends over a wide range of ecological zones 
that differ in altitude, rainfall and soil type. It is widespread in Africa from 
Mozambique, Zambia to Somalia, Sudan , Ethiopia , Kenya and Tanzania. 
Cultivated in India, Nigeria and Pakistan (Duk 1983). 
In Sudan it is found in natural stands and also widely planted in the 
traditional rain fed sector in the Gum belt region. The Gum belt term is used 
to denote a zone of approximately 200.00 square miles which extends across 
central Sudan between latitude 10 and 15 noth latitude it accounts for 
roughly one fifth of the country’s total area (Al Khalifa et al 1989). It has 
two main areas of distribution. The first is on stabilized sand, where it is 
found in stabilized rainfall between 250 and 450 mm rainfalls. The second is 
on the dark cracking clays , where it is found under rainfall of 500mm and 
above (Badi et al 1989). It is also found on some other soil types, such as on 
stony soil near Juba in southern Sudan with an annual rainfall of 900mm , 
and on hard surfaced soils (Badi et al 1989). The Gum belt is a natural buffer 
zone between the desert proper in north and the good agricultural tall grass 
in the south. Therefore, disruption or misuse in this zone will induce 
desertification and threaten agricultural production. This is a matter of 
importance not only to Sudan but also probably to the world at large because 
this area is considered to be one of the future grain productions of the world 
(Al Khalifa et al 1989). Dark clay soils either heavily cracking or non 
cracking clay .A.mellifera streches a cross a belt between kassala and 
Gadaref westwards to barakat in Gazira state and Gethak in upper Nile state. 
Table (2.7) Number of trees and shrubs species or genus described in 
the published studies: 
Source Trees Local Exotic Shrubs Local Exotic 
F.W 
andrews 
(1952) 
 337 -  527 - 
K.C Sahni 
(1968) 
 50 -  527 - 
H.M El 
Amin 
(1990) 
 533 25  184 33 
Sommer 
Latte 
(1990) 
 108 -  32 - 
Thirakul’s 
(1984) 
 124 5  17 - 
 Source: Abdelnur (1994). 
Chapter Three 
Methodology 
 
3.1 Introduction: 
In the Sudan, forestry was estimated to contribute only about 3.2 of 
GDP , but in terms of environmental, economical, social it has more effect 
than is officially noticed Good information on the current status and progress 
of the forestry industry is therefore needed. The forestry administration in 
Sudan and worldwide began to achieve some success through arrangements 
which are kept as simple as possible (SNA, 1989). Information on the area 
under forests is obtained from satellite imagery aerial photography and 
fieldwork. Extraction records are maintained for the larger timber, which is 
used mainly for railway sleepers. The other main items are firewood, 
charocal and timber for construction etc fuel wood consumption is the most 
difficult item to masure accurately and the most promising sources of 
information are household and establishment surveys.  
For charcoal, a royalty is charged on each sack produced , but 
coverage is not complete, houshold market and perhaps road traffic surveys 
re possible means of improving the situation. 
3.2 Survey of the models used in the world: 
During the last thirty years, the specification of forestry models has 
evolved from simple graphical methods of analyzing supply and demand of 
on commodity to more complex ones specifying the interlocking market 
relationships between various wood products in the sector. The early studies 
of supply and demand in forestry were mainly graphical analyses and the 
more well known are those of: 
Zivnuska (1955) and Holand (1960) using time series data covering 
the period (1922-1953). Zivnuska analyzed lumber production and price 
experience since the world war. He regressed the price variable (index of 
whole sale lumber prices) on quantity of lumber produced for three different 
periods 1922-29,1931-41 and 1945-53, and found that the price elsticity of 
supply had decreased from 0.76 in the first period to 0.37 in the last. He 
interpreted the regression lines of the three periods as zones within which 
the intersections of supply and demand took place in response to short term 
fluctuations in each period and to the shifts between the lines representing 
the long term trend in the level of intersection. Theoretically speaking, the 
quantity variable could represent both supply and demand, and the elasticity 
therefore computed could be a mixture of both supply and demand. 
Holland, too, used a similar model to show in terms of changing 
demand and supply, how lumber prices rose while total lumber consumption 
expanded only moderately between 1920 and 1955. He goes further by 
trying to predict the price index for lumber up to the year 2010, but his price 
equation was also a hybrid of supply and demand variables. 
The next crops of models wee mainly consumption functions used by 
the FAO and the united state department of agriculture (USDA) to forecast 
consumption of forest products. Basically, the functions show the average 
relationship between consumption of particular wood products and national 
income and population (usually expressed in terms of per capita income) in 
both cross-section and time – series data has been used, and the model took 
the following form: 
Cijt = f (Yit,Eijt) 
Where Ciji referred to the per capita consumption of product j(j=1..v) 
in country I (I=1….k) in time t, Yit was the per capita income Eijt was the 
stochastic error term. The function was estimated by the Ordinary least 
squares method. The theoretical validity of this function was based on 
Engel’s law of consumer behavior in relation to income. 
Gregory (1966): tried to improve the FAO model by adding the so 
called wood availability index (WAI) which could be generally written as: 
WAI = (Soft wood area) population* a (Hard wood area-population)*b. 
Where a and b were the respective weights for softwood and 
hardwood acreage in commercial use. The index does not reflect changes in 
quality, nor does it make sufficient allowance for cost factor .Gregory added 
these variable to the above consumption function with some modification to 
compute the income elasticity of demand. While his wood availability index 
was a step nearer in specifying the physical limit of forests, it was not a 
demand variable. 
The largest econometrics work in forestry was that of Mckillop 
(1967), who studied the supply and demand relationships of lumber, paper, 
paperboard, plywood, veneer, round wood and stumpage in the USA by 
using data from the period 1929-41 and 47-60. His econometric model 
consisted of two major sub-system of supply and demand relationships for 
secondary wood products such as lumber and plywood, and a similar 
subsystem for primary products , namely, round wood and stumpage. Within 
the wood products subsystem, relationships were interconnected in the sense 
that the price of one wood product, say lumber might affect the demand for 
another (such as plywood or veneer), and in turn might have its demand 
affected by the price of some other product, say, paperboard. 
Both subsystems were subjected to exogenous forces, such as income 
and at the same time they influenced each other because round wood and 
stumpage prices affected wood products supply and the demand for primary 
products in turn was affected by the prices of wood products. 
A later study by the Mckillop (1973) was more concentrated on 
economic structure of the trade in logs and lumber between north America 
and japan but its deficiency lied in its inconsistency with existing supply and 
demand theory, particularly with its neglect of supply factors in explaining 
price. 
Robinson (1974) formulated an econometric model to formulate the 
domestic relationship of price elasticities of supply and demand in the 
pacific northwelst for Douglas fir and southern pine, used primarily for 
construction. The market participants were divided into three group’s 
timberland owners, saw millers and builders .The builders were linked to 
saw millers by the interaction of the supply and demand relations in the 
lumber market. The saw millers represented the entire processing sector, and 
linked to the timberland owners through the stumpage market. 
Typically, factors of production have low price elasticities and high 
income elasticities of demand. But robinson’s results for Douglas fir lumber 
demand equation showed the reverse. He explained the discrepancy by 
arguing that the income variable measured only changes in the size and the 
type of dwelling units constructed, not their lumber .If the number instead of 
the size of dwelling units used, then the elasticity was found to be unity. 
The supply price elasticity was however found to be in conformity to 
a priori notion – relatively inelastic. Robinson’s model showed how the 
specification of a variable affected the elasticity calculations. 
The models of Mckillop and Robinoson implicity assumed perfect 
competion in both the sellers market and the buyers market, in the Mckillop, 
Robinson models were market models considering the interrelationships 
between supply and demand. On the other hand they emphasized the 
interrelationships between the finished product and earlier stages of 
processing. In forestry, adams and black well (1975) combined the features 
of the industrial process model with that of the market model of US forest 
products industry. The model despite, its complexity and generality, was 
useful for industrial studies if data were collected appropriately in an input-
output format, tracing relationships within the sector. Adams and blackwell 
models however, would be more useful for individual regions, as well as 
covering various types and qualities of lumber specifications. 
Buongiorno’s (1977) dynamic consumption function for forest 
product could be written as follows: 
Cit = CBc – 0Yiyt Yit-0  
Where a was the constant coefficient, while B,y and S were the 
parametric coefficients of Ct-0, yi and yit-0, or in log terms. 
Log Cijt=log a + Blog Cit-0+y log YT+Slog Yt-0  
Where Cijt and Yt were similar to FAO – USDA models 0 is the time 
lag, which in buongiorno’s case stretched to 10 years. He argued that the 
driving force in the growth of consumption of forest products in a country 
was the growth of income, as measured  by change from Yt-0 to Yt- 
Buongiorno carried out statistical estimates of the functions for eleven wood 
products using data from 130 countries observed at 10 year intervals (1961-
1971), of which on per capita income basis , 24 countries were grouped as 
developed and 106 as less developed. The results generally showed positive 
signs for a, B, y and negative for B, since for given Ct-1 and Yt, the country 
with highest income growth, would reach higher levels of future 
consumption. 
Lugman (1978) studied the demand for malaysian sawn wood and ply 
wood in the European Economic community (EEC), with special reference 
to West Germany and the United Kingdom. His model was similar to that of 
Radzuan (1976) who added the price variable to the model as well as to 
forecast future consumption of sawn wood and ply wood in Malaysia. 
However Lugman (1978) tried both the linear and log linear specifications, 
he traced the effects of the GDP and population separately on demand, 
besides using the per capita GDP variable, generally, the t values for the 
later were higher. The results showed a negative sign for the GDP variable 
in respect of the EEC as a whole and the United Kingdom but a positive sign 
for the West Germany. 
Sharawi (1997) studied the relationship between population, the 
national economy and forest, construction and energy sectors. The basis of 
the model building is familiar income identity for an open economy: 
GNP = Tc +I +NET EXPORT + GUBD + NCT 
Where:  
GNP = real Gross National product, 
Tc = real total consumption expenditure  
I = real Gross investment 
NET EXPT = real net export 
GBUD = Government budget deficit (government expenditure – tac 
revenue). 
NCT = real net current transfer 
The main feature of the model is that it is based on recursive multi 
equations. 
3.3 Conclusions: 
The borad picture that emerges from this survey is that over the years, 
models in forestry to reflect supply and demand relationships have become 
more sophisticated and rigorous. Taking into account interrelationships 
within the sector as well as introducing dynamic adjustment mechanisms. 
3.4 Role of mathematics: 
The important point made here is that an explicit mathematical 
equation makes definite economic statement about the system being studied 
suppose that the explicit equation is: 
Y = b0 + b1xb2x2______________________(3) 
Where Y = total consumption of wood  
X1 = quantity of charcoal, X2 = quantity of sawn wood  
The change in total consumption of wood in response to change in quantity 
of charcoal is. 
By /B x1 = b1  
And the total consumption response to quantity change in sawn wood is. 
By / B x2 = b2  
3.5 Theory of the regression model: 
Theory is singularly important because it identifies the variables to 
include in the analysis: It serves as a screening device by sifting out what is 
not important. At this point it is helpful to introduce the implicit or generic 
equation which is the result of theorizing about the problem at hand written 
as: 
Y = f (x1,x2,x3…xk)_________(1) 
Where Y, the variable of interest, depends on or is a function of xk 
independent variables identified by the underlying theory. This equation 
provides only an abstract view of the relationship being studied, as it says 
nothing about the explicit functional relationship among the variables. 
However the underlying theory often indicates the direction of change 
in the dependent variable (Y) resulting from changes in the independent 
variable (x). This can be expressed by partial derivative of (1). For example, 
if Y is the total consumption of wood and x2 is the quantity of sawn wood, 
theory predicts that an increase in the quantity of sawn wood result in 
increased in total consumption of wood. This can be written mathematically 
as: 
B Y/B X2 > 0  
Similar statements for the variables in the implicit equation can often 
be made. These predictions of the theory ultimately become hypothesis to be 
tested. 
3.6 Introduction: 
For this thesis, we will use the national income (GDP) model to 
investigate the factors affecting GDP of forestry. Needless to mention, the 
regression analysis method will be used for such valuation. In this context 
the role of mathematics and regression analysis will reviewed after 
discussing the national income model. 
3.6.1 National income model: 
The model of the study was based largely in the concept of national 
income. 
One method of assessing how well an economic system operates is to 
calculate how much is produced in total (Craven 1984). Plainly, this 
calculation can not tells everything we want to know about the efficiency of 
an economic system. For example a country with a favorable climate and 
many natural resources such as call and oil many produce a similar total 
value of goods as that of a less well endowed country, the latter uses its 
resources more efficiently and ensures that its people specializes according 
to their comparatives advantages. 
3.6.2 Circular flow of national income: 
The circular flow diagram in figure (3-1) illustrates the validity of the 
expenditure and income approaches to measuring the value of out put and 
also shows the basic equivalence of those two measurements techniques. In 
the simple economic system represented by figure (3-1) there are only two 
sectors. All production activity is assumed to take place in business firms, 
which are consolidated in the business sector, while all output is shown 
absorbed by the household sector. Business firms combine factor inputs, 
land, labor, capital, and entrepreneurial talent, to produce a flow of final 
goods and services. Households receive a flow of income wages for labor, 
rent for property, interest for money capital, and profit, as the reward of 
entrepreneurial talent. Those income payments completely exhaust the 
business sectors revenues because any business revenues left over after 
payment of wages, rent, and interest are, by definition, fully absorbed by 
profit which is income accruing to the households that own business firms. 
Once again, it is easy to see that, even though a direct measure of output is 
difficult, we can readily measure the value of output indirectly, in this case 
by measuring the value of income generated in the production process. 
 
Figure (3-1) the circular flow in a simple economy: 
 
*************  
 
3.6.3 How to calculate GDP as a proxy for national income: 
Domestic product: 
One way of reporting how much is produced in a country in a specific 
period of time, say a year, is to list all of the goods produced in that period 
and their quantities. A fundamental item in the national accounts is domestic 
product which is the sum of quantities of each good produced in a period 
multiplied by its price. 
Generally, quantities q1,q2,q3….qn of goods 1,2,3…..n produced and 
their prices are p1,p2,p3,…..pn, then 
DP = p1q1, p2q2,p3…..pn,qn  
Where:  
DP = is domestic product  
Q = quantity of product  
P = price of the product  
Gross domestic product tells us how much is produced in total and 
this is therefore one indication of the efficiency of economic system 
(Sharawi 1997). 
3.7 Estimate of GDP by ministry of finance and national economy: 
The Gum Arabic is added to major agricultural crops in the traditional 
sub sector, and the value of contribution of wood and the other woody 
products are taken as a constant percent of about two percent of total crop 
(Agricultural) GDP. 
A main forestry product of Sudan is Gum Arabic .Fairly good value 
estimates of Gum production are the values of purchases by the only trader 
the (Gum Arabic company limited). Those values can be derived from its 
accounts by adding the values of cost of sales and change in stocks. 
Production estimates of other forestry products, mainly firewood and 
charcoal and also of minor forest products like henna, have been supplied by 
the department of forest. However their estimates cover only government 
controlled forests, so that a provision has been made for other productions. 
Estimates are updated using changes in quantities of charcoal and firewood 
production, reported by the same department. 
The following inputs are in percentages of Gross output as follows: 
Table (3-1) Gross outputs:  
Intermediate input % of gross output 
Goods 1.5 
Services 5.0 
Indirect taxes 0.5 
Depreciation 2.5 
Compensation of employees 40 
Source: Ministry of finance and national economy (1999). 
3.8 Estimate of GDP by using growth rate analysis procedure: 
Using a simple geometrical growth rate equation to calculate the GDP 
of forestry and to compare it with the above procedures: 
GR = TPn/P0-1  
Where GR = Growth Rate 
Pn=Quantity at year x 
P0 = Quantity at year y  
N = The range between years  
3.9 The model of this study: 
The model builds a result relationshop between the forest products 
(Sawn wood, fuel wood, charcoal, and gum Arabic), and total supply of 
wood. The relationships between these factors are explored by the multiple 
linear regression model. 
The estimates of the parameters of economic relationship are derived 
by the method of ordinary least squares (OL.S). Its estimators have the 
characteristics of linearity, unbiased ness and smallest variance. 
With respect to the supply function, economc theory in its simplest 
form takes the total quantity supplied as the dependent variable and each one 
of the above products as the explanatory variable, other things remaining 
constant. 
Y = f(x) 
Where Y = Total quntity supplied of wood products  
X = quantity of each item of the forest products mentioned above. 
The variable take the simplest possible linear relationship between 
total quantity of wood supplied and the quantity of forest products produced 
of the form. 
Yi = B0+B1Xi______________(1.1) 
If B1 is positive (B1 > 0) , an increase in X leads to an increase in Y 
and the reverse holds true (X and Y are proportionally related). 
If B1 = 0, an increase in X does not lead to a change in Y and thus Y 
will be constant (no relationship exists between X and Y). 
To employ the multiple regression model equation (1.1) could be 
extended to accommodate the aforesaid factors as explanatory variables. 
Taking total consumption of wood as an example, the following 
structural equation holds: 
Y1 = B0 + B1x 1 + B2x2 +B3x3 + B4x4 +u…………(1.2) 
Where:  
Y1 = total consumption of wood (dependent variable) 
X1 = quantity of sawn wood  
X2 = quantity of charcoal  
X3 = quantity of round wood  
X4 = quantity of Gum Arabic  
These are explanatory variables (independent variables). 
U = random variable (stochastic term with a zero mean in any particular 
period). 
B0 = constant intercept (value of the Y axis when X=0) 
B1 = coefficient of the slope (measure of the marginal effect of X on 
Y and varies from one point to the other along the straight line). 
3.10 Tests of significance of the parameters of estimates: 
The common test is the mull hypothesis test H0:Bi =0 for each 
parameter against the alternative hypothesis. 
Hi = Bi? 0  
The hypothesis implies a two tail test at the 5% level (sometimes at 
1% level). 
i) The standard error test: 
It is an approximate test based on comparing the standard errors of Bi 
with the numerical values of their estimates. 
ii) If S (Bi) > ½ Bi is not statistically significant at 5% level of significance 
for the two tail test. 
iii) If S (Bi) < ½ Bi we reject the mull hypothesis e.g. we accept that the null 
parameter estimate is statistically significant at the 5% level of significance 
for a two tail test. However, the smaller the standard errors, the more strong 
the evident that the estimates are statistically significant. 
iv) The students test of the null hypothesis (t-test) 
The calculated to ratio (sample value) of ech Bi  
Tc = Bi /S (Bi) 
Is compared with theoretical value of tt taken from the t-table with n-k 
= n-3 degrees of freedom (n is the number of observations and k is the 
number of explanatory variables). The values of tt are the critical values that 
specify the critical region in a two tail test with n-k degrees of freedom. 
v) If tc falls in the acceptance region in a two tail test with n-k degrees of 
freedom. 
vi) It to falls in the critical region, we reject the null hypothesis, and we 
accept the alternative one, that is Bi is statistically significant generally the 
greater the value of to the stronger the evidence that, Bi significant (to 
however, is inversely related to S (Bi). It is important to note that the t-test 
and the standard error test are equivalent. To see how the estimate Bi is 
closed to the true parameter we establish confidence interval (limiting 
values) for the later. 
The customary confidence level often in econometrics is 95 of the 
cases will be within the confidence limits. 
In the other 5% of the cases the true parameter will fall outside the 
confidence limits. 
Thus the 95% confidence interval for the true parameter Bi from its 
estimation is: 
Bi – to025 (S Bi) < Bi < Bi + t0 025 (S Bi) within (n-k) degrees of freedom 
or. 
Bi = Bi + t0 025(S Bi) within (n-k) degrees freedom. 
3.11 Testing the overall significance of the regression: 
The squared multiple correlation coefficient (or coefficient of multiple 
determination, R2) and the standard error of estimates (standard deviation) 
check the statistical reliability of the estimates of the parameters of the 
model (R2) is a statistical number that expresses the percentage of the total 
variation of the dependent variable (Y) being induced by the explanatory 
variables (Xs). 
R2yx…..xk = B1 ? yx1 +B2 ? yx2 +…………Bk? Yxk/? Y2  
The value of R2 ranges between 0 and 1 (0? R2?1). The closer R2 to 
1, the greater the percentage of the variation of the dependent variable (Y) 
being explained by the explanatory variables (X s) e.g. the better the 
regression line being representive to the sample observations (the goodness 
of fit of the regression plane). The closer R2 to zero the poor the fit. 
It is worth nothing that the inclusion of extra explanatory variables to 
the aforesaid function will never reduce R2, but instead will raise it. This 
defect is overcome by the adjusted R2 where the notion of the degrees of 
freedom is accounted for. However, the adjusted R is expressed: 
Adjusted R2 = 1-(1-R2) (n-1)/n-k  
Where R2 is unadjusted multiple correlation coefficient. 
(n) Is the number of sample observations and k is the number of 
parameters predicted from the sample observations. The difference between 
R2 and the adjusted R2 will not be much if n is large. But incase the sample 
is small and the number of explanatory variables is large in relation to the 
sample of observations, adjusted R2 will be much smaller than R2 and may 
even turns up to be negative. 
In the latter case however, adjusted R2 should be explained as being 
equal to zero. 
The standard deviation as a statistical test measures the depression of 
the estimates around the true parameters (Bs). 
The larger the standard deviation, the less reliable it is and vice versa. 
3.12 The F-test: 
The F-test appraises the overall significance of the regression 
equation. Hence the mull an alternative hypothesis is. 
H0: All of the bi values equal zero 
H1: Not all of the bi equal to zero  
F =? (y-Y)2/(K-1)/? (y-y)2(n-k) 
Then these F-values are compared to the tabulated F-values. 
If F (V1, V2) > F& , rejected the null hypothesis that all the bi=0  
If F(V1,V2) < F & , do not reject the null hypothesis. 
3.13 The t-test: 
The t-test is used to test whether each individual coefficient is 
significantly different from zero or not, i.e whether if there is any 
relationship at all. 
T = The estimated standard error of r is sr = (1-r2) (n-1) 
And we have P = 0 by the null hypothesis  
3.14 Limitations of regression:  
Regression analysis has two limitations 
3.14 Multicollinearity: 
Multicollinearity describes a problem that arises in multiple regression 
analysis when independent variables are highly correlated, and therefore it is 
not possible to separate the individual effects of independent variable on the 
dependent (Morris hamburg 1983). 
1. Nothing that can be done about it  
2. Not to worry if the T-statistics are greater than 2 and if the R 
squared of the regression exceed the R-squared of any 
independent variable regressed on the other independent. 
3. To add information through having a new sample or more data 
since multicollinerity is a sample problem or to drop one or 
more of the variable but this may create problems. 
4. Which variable to drop  
5. A bias may be created, if the dropped variable is relevant one. 
An important phenomenon that impairs the efficiency of OLS regression 
models in estimating the parameters of the economic relationships is 
autocorrelation. The term refers to a relationship between the successive 
magnitudes of the same variable rather than between one or more variables 
in the models. In other words, OLS assumption that the value of the random 
variable (u) in any period is independent from the value it assumes in any 
preceding period breaks down e.g.  
E (MiMj) = 0 for I? I,j =1,2 n  
3.14.2 Autocorrelation: 
Occurs due to the exclusion of some explanatory variables, the wrong 
specification of the mathematical form of the model, the interpolations in 
time series data and the misspecification of the true random term (M). 
Autocorrelation in theory may assume positive or negative values but 
in practice in most occasions is positive generally if the successive values of 
estimate (e) of the random term change sign every now and then, 
autocorrelation is interpreted as negative. If the values of the estimate (e) do 
not change sign frequently to the extent the extent the several positive e s, 
are succeeded by several negative e s, autocorrelation is interpreted as 
positive. 
Autocorrelation could be checked by various tests. The most popular 
is Durbin – Watson test (valid if n < 30). The test compares the empirical dc 
value, computated from the residuals, with the dL and du in DW tables and 
with their transforms (4-d1) and (4-d)u. 
If dc < dL we reject the null hypothesis of no autocorrelation and 
accept that there is positive autocorrelation of the first order. 
If dc > (4-dL) we reject the null hypothesis of no autocorrelation and 
accept that there is negative autocorrelation of the first order. If du < dc < (4-
du) we accept the null hypothesis of no autocorrelation. If dL<de<du or if 
(4-du) < dc < (4-dL) the test is intermediate. 
3.15 Computations: 
All the statistical operations and econometric computations necessary 
for the development of the model and the testing of its validity are carried 
out by the application of SPSS of the PC. The resort to the computer 
application is not only for the advantage of quick and easy calculations of 
complicated and lengthy operations but also for the greater accurancy of the 
results. 
Chapter Four 
Results and Discussion 
 
4.1 Introduction: 
This chapter uses the regression analysis to estimate the relationshi 
between GDP and main variables, which are investigated individually to 
obtain their constituent relations, The main influential variables of forestry 
were specified and included in a simple mathematical calculation to estimate 
their respective contribution to forest GDP another method was based on 
calculation of annual compound growth rate for selected forestry items to be 
included in the final estimate calculations of GDP for forestry.  
These methods were compared to adopt the most suitable one for 
GDP forestry calculation. 
4.2 The basic influencing variables for calculation of the forestry GDP 
in Sudan: 
4.2.1 Introduction: 
The main objective of this part is to specify the basic variable that 
influence the GDP of forestry sector in the Sudan. This is because it is 
difficult to collect needed data and information on all variables that 
constitute the complete set up of the forestry sector structure. 
As it is known the calculation of the GDP indicator is given by the 
following identity. 
GDPF = TC + I +G +X+-M 
Where:  
GDPF = The gross domestic product for forest in SD million  
TC = the value of total consumption of forest products by the private 
sector in mSD million. 
I = The total value of investment in the forestry sector mSD million 
G =  The total value of government spending net of revenue in the forestry 
sector in SD million. 
X-M = The total value of net trade of forest products by which exports 
exceed or recede imports of forest products in SD million. 
The study collected data and information related to the above 
mentioned identity in order to run regression analysis that may establish the 
existence of a positive relationship between variables related to the two sides 
of the identity. 
The GDP function for the identity was established and regressed but 
found to give no significant result. This was expected since the GDP identity 
does not form a causal effect relationship accordingly a separate regression 
relationship for GDP and each of the right hand side variables was tested. 
Similarly the total consumption variable, was regressed against several of its 
individual constituents, one at a time to establish any sort of relationship as 
was hypothesized as a priori assumption. In the same manner other 
independent variables were taken as dependent variables and regressed 
against their own independent variables. 
The result of this regression analyses indicated the existence of 
relationship of each of the significant two independent variables viz total 
consumption of forest and export of forest products. However, while the sign 
of the export variable gave the corret anticipated positive sign, the sign of 
the total consumption gave the corret negative sign as expected. 
Therefore these results implied that if we want to calculate the GDP of 
forestry in Sudan, then we can depend on these two variables, total 
consumption and exports of forestry products, as major items that can reflect 
perhaps up to 60% of the GDP of forestry in Sudan. 
In fact from this regression results it appears that exports of forest 
products could have more influence in the calculation of the GDP forestry. 
4.2.2 Result of forestry gross domestic product (FGDP) versus forestry 
exports and forestry total consumption regression anlysis: 
The result from table (4-1) showed that the gross domestic product of 
forestry is a function of per unit quantity of total consumption and export 
equation (1): Y = 3470202.6+212899.781 log export 1.6007 log TC. 
T –value = (.494)  (3.373)  (-2.683) 
Where:  
Y is the forestry gross domestic product during the period (1975-
2000), and expt is the export quantity when holding other factors constant, 
and TC is total private consumption of forest products. 
The coefficient of determination adjusted for degrees of freedom, 
which shows the goodness of fit was denoted as R2 and reported for the 
estimate equation. 
The overall model was significant as the F value was about 4.5 while 
the R2 indicated that the model variables were able to explain about 60% of 
the actual situation. 
Table (4-1) regression of forestry gross domestic product Vs/forest 
exports, total consumption of wood during the period (1975-2000): 
Explanatory 
variable 
Regression 
coefficient 
T-statistic  Level of 
significance 
Log expt 212899.78 3.373 .003 
Log TC -1.6007 -2.683 .014 
Constant 3470202.6 .494 .626 
  R2 = value 60.5% 
From the table the relationship between GDP and either of exports of 
forest products and consumption products were significant since t calculated 
were above t tabulated. 
The signs were correct as expected. Exports of forest products seemed 
to have more influence on GDP for forest than consumption of forest. 
Therefore forestry export and consumption are two main variables 
that should be included in any estimation of GDP for forests in Sudan. 
4.2.3 Gum arabic export: 
Considering the export of forest products of the Sudan, we find them 
concentrated mainly on exports of Gum Arabic, senamaka and recently on 
railway sleepers. The exports of gum Arabic is also important as it 
accounted for about 80% of total forest exports and about 16% of total 
agricultural exports of Sudan during the last 10 years. 
The value of exports of gum Arabic were regressed using exports of 
hashab type of gum Arabic, the price of gum Arabic (hashab prices) as 
independent variables. The results were significant and according to 
expected signs. However, the results given had low elsticity levels 
(inelastic), which indicated the change in gum Arabic world prices would 
not influence the amount of exported gum Arabic .This may imply that the 
government of Sudan cannot take advantage of any increases in world prices 
and export more of the gum Arabic .Nevertheless the export value of gum 
Arabic should be considered as an important component when calculating 
the GDP of forestry in the Sudan. 
The Gum Arabic export regression analysis results: 
Logarithmic model for export of gum Arabic was regressed against 
quantity and price of hashab gum Arabic. 
Log Y = 4.018 + 0.332 log hashab –0.319 log price  
t.value = (6.559) (3.468) (-3.399) 
The estimated model showed that demand for gum hashab exported 
by the Sudan is influenced by hashab price. The price elsticity is bout 0.319 
indicating that the world market demand for hshb Gum price is relatively 
inelastic. 
Table (4-2) regression analysis of gum Arabic exports Vs/quantity and 
price of hashab gum: 
Explanatory 
variable 
Regression 
coefficient 
T-statistic Level of 
significance  
Log hashab qu 0.32 3.468 0.002 
Log hashab price  0.319 -3.399 0.003 
Constant 4.018 6.559 0.000 
R2 = 47.6% 
4.3 Imports of forestry products: 
the estimated equation is given blow: 
1 = -94.506 + 0.236 log sw + 14.122 log rd  
t-Value = (-10.504) (1.780) (10.623) 
where I = imports of wood 
sw = sawn wood  
rd = round wood  
This model was formulated originally to include imported fire wood 
charcoal, sawn wood, round wood, but gave insignificant results, hence the 
model was run again after removing firewood and charcoal and gave the 
following results above. 
Table (4-3) regression of imports of forestry products Vs/sawn wood 
round wood, firewood, charcoal during the period (1975-2000): 
Explanatory 
variable 
Regression 
coefficient 
T-statistic Level of 
significance 
Log sawn wood 0.236 1.780 0.309 
Log round wood 14.122 10.623 0.050 
Constant -94.506 -10.504 0.000 
R2 = 92.5% 
The estimated model showed that the imports of forest products are 
influenced by the quantities of imported sawn wood and round wood 
respectively. The coefficient of multiple regressions is 92.5% indicating that 
about 92.5% of the variations in forestry imports were explained by the 
variables included in the equation. The analysis of variance F-test is 6.502, 
which indicate the overal significance .Therefore sawn wood and round 
wood are to be included in GDP calculation. 
4.4 The influence of total consumption on GDP by individual 
components:   
Although the effect of total consumption on GDP was not shown to be 
of high influence, still they are significant and need to be re-examined in 
more details. The total consumption of firewood, charcoal, sawn wood and 
other forest products. Moreover , consumption for forest products is 
expected to be largely influenced by the effect of personal income level 
distributed among different consumers expenditure agenda. 
4.4.1 Relationship between total forest consumption and firewood 
consumption in Sudan: 
Firewood consumption ranks high among consumption of forest 
products in Sudan, particularly among rural people and in remote areas 
where services of oven –gas is not possible due to marketing constraints. 
Though the regression analysis result shows n extremely low degree of 
relationship between the total consumption of forests products and that of 
firewood , does not nullify the significant role of firewood in adding to the 
GDP of forests of Sudan. Moreover, perhaps due to difficulty to obtain more 
exact and detailed data bout the amount of felled forests for firewood, this 
available data give minimum possible indication of forest plundering 
particularly in marginal areas of the country. 
4.4.2 Firewood model: 
the following model was estimated for firewood and total wood 
consumption. 
Tc = 2626.350 + 0.203 (fire wood) 
t-value = (12.826) (2.420) 
table (4-4): relationship between firewood and total wood consumption: 
Explanatory 
vriable 
Regression 
coefficient 
T-statistic  Level of 
significance  
Firewood  0.203 2.420 0.024 
Constant 2626.350 12.826 0.000 
R2 = 54.8  
The adjusted R2 shows that the coefficient of simple regression 
illustrates that about 58.8% of the variation in total wood consumption is 
explained by firewood demand . An increase in total wood consumption by a 
one ton has the effect of increasing in fuel wood quantity by 0.203 metric 
tons. 
4.4.3 The demand for firewood: 
Before the late 1990s, Sudan depended largely on forest products to 
supply about 80% of its total energy requirement. Due to expansion of the 
supply of gas oil as a result of oil industry discovery, the role of forests of 
Sudan in supplying the energy needs started to become less important. 
Data collected showed that Sudan used quantity consumed of 
firewood from different states to Khartoum for energy. 
Regressing data for total wood with consumption of firewood indicted 
a significant positive relationship with the expected sign .The results show 
that the increase in transported amounts of firewood were readily 
assimilated. 
The following equation illustrates the relationship between total 
consumption of wood and quantity of firewood consumed. 
Tc = 3387.742 +1.039 log fw  
t-value = (12.964) (3.142) 
where: tc = total consumption of wood. 
Fw = fire wood 
Table (4-5) relationship between total wood consumption and 
consumption of fire wood in Sudan for the period (1975-2000): 
Explanatory 
variable 
Regression 
coefficient 
T-statistic Level of 
significance  
Log fw imp 1.039 3.142 0.005 
Constant 3387.742 12.826 0.000 
R2 = 58.8  
The adjusted R2 shows that the coefficient of multiple regressions is 
58.8% which indicates that about 58.8% of the total variation in total wood 
consumption is explained by the variable included in the model. A relative 
increase in consumption of firewood by a one metric ton would increase in 
quantity of total consumption by 1.039 metric ton. 
4.5 Demand for other forest products: 
A regression analysis to detect the effect of other forest product 
variables on total consumption of wood was carried out. Thought the result 
of the regression analyses gave a negative relationship yet, the significant 
variables of the other forest products seemed to have a minimum effect over 
the total consumption. However, depending on the ease of collecting data 
and information relevant to these items, these variable need to be included 
when calculating the GDP for forests of Sudan. 
4.6 Relationship between other forest products and total consumption of 
wood: 
the following estimated equation illustrates the relationship between 
other forest products and total wood consumption. 
Tc = 4344.735 = 0.215 other forest products  
t-value = (16.835) (2.607) 
table (4-6) relationship between other forest products and total wood 
consumption: 
Explanatory 
variable 
Regression 
coefficient 
T-statistic  Level of 
significance  
Other forest 
products  
-0.215 2.607 0.002 
Constant 43.44.735 16.835 0.000 
R2 = 33.6  
The adjusted R2 shows that the coefficient of simple regression is 
33.6 illustrates that about 33.6% of the variation in wood consumption is 
explained by quantity of forest products, which has the expected negative 
sign and is significantly different from zero .An increase in wood 
consumption by a one metric ton had the effect of decreasing the quantity 
demanded of forest products by 0.215 metric tons. 
It has been expected that as income increases to a certain level, 
consumption of forest products will increase, but at decreasing rate in forest 
product consumption. This is particularly true if the major components of 
forest products are composed of firewood and charcoal poor quality lumber 
for construction and furniture make as the case in Sudan at the time being 
.However, if the consumption of forest products is linked to sophisticated 
consumption of furniture, then income increases would result in increase in 
consumption level of industry. 
This result of the regression analysis in this case indicates a negative 
but a significant relationship between total consumption and income level. 
This implies that the present composition of forest products is 
becoming less attractive to consumers of cities who can buy other sources of 
energy (oven – gas). Therefore, the effect of income on total consumption 
should be reconsidered within these new social changes in Sudan. In order to 
calculate the expected GDP of forestry products, the effect of income level 
of the rural versus the urban sector should be taken into consideration 
whenever, data availability allows. 
4.7 Income level: 
The following demand model for income level: 
Tc = 2055.512 – 3.623 Income level  
t-vale = (16.662) (2.607) 
Table (4-7): Relationship between level of income and total wood 
consumption for Sudan, (1975-2000): 
Explanatory 
variable 
Regression 
coefficient 
T-statistic Level of 
significance  
Level of income -3.623 2.607 0.016 
Constant 2055.512 16.835 0.000 
R2 = 48.6% 
The adjusted R2, that is the coefficient of the overall significance of 
the regression determination is 48.6, which indicates that about 48.6% of the 
variation is explained by income level. The coefficient of level of income is 
statistically significant different from zero. The model indicates that increase 
in income level by one Sudanese dinars reflect a deerease in the level of 
consumption of wood 3.623 metric tons. 
4.8 Relationship between total consumption of forest products and 
charcoal in Sudan: 
Charcoal production constituted a major commodity in the domestic 
market of forestry products in the Sudan. It entails heavy deforestation 
process, particularly in areas where people do not have access to 
employment or income sources. Large shipments of charcoal are seen 
moving from forest areas to large consuming centers as those of Khartoum, 
Medani, etc. 
The following estimated equation shows the relationship between 
wood consumption and charcoal. 
Tc = 1164.291 + 4.611 (charcoal) 
t-value = (1.065) (1.842) 
Table (4-8): Relationship between total wood consumption and charcoal 
quantity supplied: 
Explanatory 
variable 
Regression 
coefficient 
T-statistic  Level of 
significance 
Charcoal 
quantity 
4.611 1.842 0.05 
Constant 1164.291 1.065 0.299 
 R2 = 48.6% 
The regression results show a positive significant effect of charcoal on 
the level of forest consumption in Sudan. Such results verifies the important 
role played by charcoal as a commercial merchandize that satisfies the basic 
needs of large segments of consumers (poor income) in different parts of 
Sudan. At the same time, this result indicates the importance of charcoal 
production to small producers in rural areas, as they depend largely on the 
supply of this items, (as a major source for income). 
The adjusted R2 shows that the coefficient of simple regression is 
53.5% which indicates that about 53.5% of the variation in total wood 
consumption is explained by charcoal quantity. 
The model results imply that one unit change in charcoal supplied 
quantities would increase total consumption of forest products by almost 
four folds. 
4.9 Regression analysis calculation of forest GDP using specified 
variables: 
After identifying the most influential constituents of forest products 
(firewood, charcoal, round poles as specified items), each item was valued at 
relative market price and added together to give the estimated GDP for that 
year. Then the calculated GDP of forestry was then compared to those GDPs 
produced by the ministry of finance and national economy (GDP is taken as 
projections at prices of 1981-1982). 
To indicate the reliability of estimating the forestry GDP by this study 
against that already produced by the ministry of finance and national 
economy: firstly, it may be clearly indicated that the estimation of the 
forestry GDP by using the growth rate approach may not be appropriate 
since it takes only the first and last years into consideration. In this sense, it 
will ignore the changes that may occur in the forest sector during the period 
in between. Even though, if a regression analysis method was used to 
estimate the GDP through the growth rate approach, still this approach may 
not be accepted since we don’t know if same events of the estimate year 
would be replicated as those of the previous period when the GDP was 
estimated. 
Secondly, using the regression analysis approach to identify the main 
fundamental variables to be included in the estimation of the forestry GDP 
appears to be more appropriate. In this case, the main variables were then 
valued by using market prices of those identified variables and the final total 
expected forestry GDP was estimated as the best proximate to the real one. 
Table (4-9): Calculated forestry GDP using regression to identify 
significant components: 
Year Firewood Roundpoles Charcoal Total 
1985 27.12 13.90 14.77 55.79 
1986 26.15 14.04 20.11 60.30 
1987 33.60 16.20 21.00 70.80 
1988 34.19 19.10 21.08 74.37 
1989 40.07 21.60 19.12 80.79 
1990 43.13 25.90 20.23 89.26 
1991 50.11 30.16 22.16 102.43 
1992 53.19 31.00 22.90 107.09 
1993 60.12 31.70 23.12 114.94 
1994 61.26 29.56 21.02 111.84 
1995 61.33 32.72 21.08 115.13 
1996 65.03 32.70 21.88 119.61 
1997 66.94 33.38 22.34 122.66 
1998 68.82 43.11 22.80 134.73 
1999 69.82 45.15 23.00 137.97 
Total  760.82 420.19 316.61 1497.771 
Average total 50.72 28.01 21.10 99.85 
 
Table (4-10): Reported GDP by ministry of finance and national 
economy: 
Year Firewood Roundpoles Charcoal Total 
1985 27.12 13.90 14.77 55.79 
1986 26.15 14.04 20.11 60.30 
1987 33.60 16.20 21.00 70.80 
1988 34.19 19.10 21.08 74.37 
1989 40.07 21.60 19.12 80.79 
1990 43.13 25.90 20.23 89.26 
1991 50.11 30.16 22.16 102.43 
1992 53.19 31.00 22.90 107.09 
1993 60.12 31.70 23.12 114.94 
1994 61.26 29.56 21.02 111.84 
1995 61.33 32.72 21.08 115.13 
1996 65.03 32.70 21.88 119.61 
1997 66.94 33.38 22.34 122.66 
1998 68.82 43.11 22.80 134.73 
1999 69.82 45.15 23.00 137.97 
Total  760.82 420.19 316.61 1497.771 
Average total 50.72 28.01 21.10 99.85 
 
Table (4-11): Estimate of GDP of forestry products (firewood , charcoal 
and roundpoles) compared to GDPs of the ministry of finance and 
national economy: 
Period Total GDPs 
estimated by the 
study SD 
millions 
Total GDPs 
estimated by the 
ministry of 
finance and 
national 
economy 
% 
1985 55.79 33.17 168.19 
1986 60.30 33.12 182.06 
1987 70.80 38.11 185.77 
1988 74.37 34.93 212.91 
1989 80.79 42.51 190.04 
1990 89.26 54.65 163.33 
1991 102.43 55.25 185.39 
1992 107.09 61.58 173.90 
1993 114.94 65.01 176.80 
1994 111.84 75.08 148.96 
1995 115.13 82.36 139.78 
1996 119.61 86.05 139.00 
1997 122.66 112.97 108.57 
1998 134.73 138.46 97.30 
1999 137.97 144.23 95.65 
Total  1497.71 1057.48 2367.65 
Average total 99.85 70.49 157.84 
Chapter Five 
Summary conclusions and recommendations 
 
5.1 Introduction: 
Man has worked the forest by picking food, gathering foliage and 
collecting wood to satisfy his needs. In the beginning there were no 
pressures on the land because there was enough for every body. With the 
expansion of settled agriculture, the forest has become an extension for 
farming, providing food pastures, raw materials, etc., within the frame work 
of subsistence economy. The increase in population and subsequent wars led 
to the encroachment and clearance of vast areas of forests. 
5.2 Summary: 
Forestry in the Sudan has been seriously neglected and under funded. 
This is in spite of its important role sustaining agricultural productivity, 
providing fuel wood (charcoal and firewood) needs to about 80% of the 
population and meeting a significant part of railways sleepers and sawn 
timber requirements of the country. 
One of the main causes of the decline of forestry in Sudan is the lack 
of quantified data and economic studies that can help in estimating the 
contribution value of forestry to the national economy and there are 
maintaining and development of forest products similarly, national 
accounting techniques failed to take into account the fact that naturally 
occurring trees form a vital and integral part of the farming system and can 
increase crop yields and protect the soil from wind erosion. Also forests and 
trees play a major role in protection of land and watersheds. 
5.3 Conclusions: 
Based on the findings of the study one may conclude the following 
with regard to forestry GDP. If we want to calculate the GDP for forestry in 
Sudan, then we can depend on the following variables. 
i.Total consumption and exports of forestry products as the major items that 
can reflected perhaps up to 60% of the GDP of forestry in Sudan. 
ii.Also, considering the exports of forestry products of the Sudan, we find 
them concentrated mainly on exports of gum Arabic, recently on railway 
sleepers. The exports of gum Arabic is also important as it accounted for 
about 80% of total earnings of forestry exports of Sudan during last 10 
years. 
iii.Also, firewood consumption ranks high among consumption of forest 
products, particularly among rural people and in remote areas where services 
of oven – gas is not possible due to marketing constraints. 
Revaluation of forestry GDP may give more weight to the forestry 
sector when taking decision about planning, rehabilitation, maintenance, 
funding of forestry related activities versus the other activities when 
allocating the budget resources among different sectors of the economy. 
5.4 Recommendations: 
We recommended that when calculating the GDP of forestry in Sudan: 
i) We should base our estimates on both total consumption 
and the price of forest products, they have a significant 
contribution to the GDP of forest of Sudan. 
ii) We should add the value of gum Arabic to the total GDP 
of forestry of Sudan. 
iii) To improve the methodology of GDP for forestry in 
Sudan we should improve the source of the data of forest 
sector in sustainable records. 
iv) Developing the forest resources through importing fast 
growing tree species, and through increasing the area of 
forest plantations by registering.  
v) Conservation of natural forest resources by strict 
application of policies and laws. 
vi) Rehabilitation of degraded lands. 
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